Doxorubicin treatment in vivo causes cytochrome C release and cardiomyocyte apoptosis, as well as increased mitochondrial efficiency, superoxide dismutase activity, and Bcl-2:Bax ratio.
There have been very few investigations as to whether mitochondrial-mediated apoptosis in vivo is the underlying mechanism of doxorubicin cardiotoxicity. Moreover, no investigations have been conducted to determine whether there are adaptive responses after doxorubicin treatment. We administered a single dose of doxorubicin (20 mg/kg) to male rats and isolated intact mitochondria from their hearts 4 days later. Apoptosis, as determined by the amount of cytosolic mononucleosomal and oligonucleosomal DNA fragments (180 bp or multiples), was significantly increased after doxorubicin treatment. In contrast, Troponin-T, a cardiac-specific marker for necrotic damage, was unaltered 4 days after doxorubicin treatment. Cytosolic cytochrome c increased 2-fold in the doxorubicin-treated rats and was significantly correlated (r = 0.88; P < 0.01) with the increase in caspase-3 activity observed. Moreover, the level of bleomyocin-detectable iron in serum was significantly increased and may have contributed to the increase in oxidative stress, which was indicated by an increase in cytosolic 8-iso prostaglandin F(2alpha). Cytosolic copper zinc superoxide dismutase activity also increased significantly further supporting the notion that doxorubicin increases superoxide radical production. In addition to adaptations to antioxidant defenses, other adaptive mechanisms occurred in the mitochondria such as an increase in the respiratory P/O ratio and an increase in the Bcl-2:Bax ratio. These findings demonstrate that doxorubicin induces oxidative stress and mitochondrial-mediated apoptosis, as well as adaptive responses by the mitochondria to protect cardiac myocytes in vivo.